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Background: The traditional transfemoraI pproach to endovascular stenting is not ideal for proximal arterial esions of 
the upper limb. The distance of the lesion from the femoral puncture site, flexibility and unsupported length of guide- 
wires~delivery s stems and often acutely angled origins of the great vessels combine to make crossing the lesions and 
accurate deployment of the device difficult or impossible. Deployment of the stent via a brachiaI arteriotomy should obviate 
these problems. 
Aim: The authors report a series of patients with proximal arterial occlusions of the upper limb treated by endoluminal 
stenting using a combined surgical/radiological approach. 
Patients and methods: Using the combined approach we have attempted to treat 18 proximal upper limb occlusions 
(eight brachiocephalic origin, six subclavian origin, two subclavian artery and two axillary artery). Where possible, 
occlusions were treated by primary stent deployment. All patients received perioperative IV heparin followed by long- 
term aspirin. 
Results: Revascularisation was successful in 15 of I8 proximal occlusions with complete resolution of symptoms. All 
stented vessels remain patent up to 36 months after the procedure and there have been no complications arising from the 
brachial arteriotomy sites. 
Conclusions: Primary stenting is the treatment of choice for proximal occlusions of the upper limb vessels. A combined 
surgicaI/radiological approach via a brachial arteriotomy can be used in these cases and is now the method of choice for 
the treatment of such lesions in this unit. 
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INTRODUCTION 
Traditionally, proximal arterial occlusions of the upper 
limb have been treated by surgery if the sypmptoms 
warrant more than conservative management. In re- 
cent years percutaneous transluminal angioplasty 
(PTA) has been tried in these lesions but a high re- 
stonisis/reocclusion rate and brachial/cerebral emboli 
have been reported. As in other arteries of comparable 
size (e.g. iliac arteries), the primary deployment of 
endovascular stents in such lesions should reduce the 
incidence of these complications. 
However, accurate deployment of these devices in 
such lesions from a femoral artery puncture is com- 
plicated by several factors. Firstly, the length of flexible 
guide-wire, the often acute angulation of the origins 
of the great vessels and the solid nature of the occluded 
segments combine to confound attempts at crossing 
Please address all correspondence to: Mr J. D. Beard, Consultant 
Vascular Surgeon, Sheffield Vascular Institute, Northern General 
Hospital, Herries Road, Sheffield, $5 7AU, U.K. 
these lesions. Even if the guide-wire is successfully 
placed across the lesion the necessary length and 
flexibility of the wire make accurate positioning of the 
stent difficult. 
We report the results of the use of endovascular 
stents in proximal occlusions of the upper limb arteries 
using a combination of a standard percutaneous fem- 
oral arterial puncture and final deployment of the 
devices via a formal brachial arteriotomy. 
Patients and methods 
The series consists of 18 consecutive patients of median 
age 68 years (range 57-79 years) with disabling symp- 
toms of upper limb or cerebral ischaemia caused by 
radiologically proven proximal occlusion of the bra- 
chiocephalic trunk (n = 8), subclavian artery origin (n = 
6), subclavian (n = 2) or axillary arteries (n = 2). The 12 
female and six male patients presented with disabling 
arm claudification, acute ischaemia of the upper limb, 
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subclavian steal or transient ischaemic attacks sec- 
ondary to atherosclerosis (n=15), previous radio- 
therapy (n=2) or trauma (n=l). Diagnostic arch 
aortography demonstrated proximal occlusions with 
a median length of 5 cm (range 2-9 cm). 
All therapeutic procedures were performed in the 
angiography suite using local infiltration of 1% lig- 
nocaine without adrenaline. In each case initial arterial 
access was gained via the femoral artery using a single- 
wall puncture technique. A 5-French sheath (Cordis, 
U.K.) and pigtail catheter (Cordis, U.K.) were passed 
over the wire and an initial arch aortogram was ob- 
tained to demonstrate he occlusion. The catheter was 
exchanged for a pre-shaped Sidewinder or Headhunter 
I catheter (Cordis U.K.) and an attempt was made to 
cross the occluded segment with either the straight 
floppy-tip guide-wire (Schneider (Europe) AG) or a 
hydrophilic wire (Terumo Inc.). Simultaneously, the 
brachial artery on the side of the occlusion was exposed 
in the antecubital fossa under local anaesthetic. 
Double-slinging of the artery proximal and distal to 
the proposed arteriotomy site allowed control of the 
vessel without the use of arterial clamps. An ar- 
teriotomy was performed (transverse in arteries over 
3 mm in diameter and longitudinal in smaller vessels) 
and a straight floppy-tip 0.035" guide-wire (Schneider 
(Europe) AG) was introduced under direct vision. A 
7F sheath (Cordis, U.K.) was then passed over the 
wire and snugged using the proximal arterial sling. 
This sheath allowed the passage of catheters and stent 
delivery systems without unnecessary intimal trauma 
at the arteriotomy site. 
A 7F curved catheter e.g. Cobra (Cordis, U.K.) was 
passed over the transbrachial wire to the level of the 
proximal occlusion and an arteriogram was performed 
to delineate the distal extent of the occluded segment. 
The occluded segment was then crossed using either 
the standard guide-wire or an hydrophilic wire 
(Terumo Inc.) passed through the transbrachial cath- 
eter. Measurements of the vessel diameter proximal 
and distal to the occluded segment were obtained 
from the arteriograms and the appropriate endo- 
vascular stent was chosen. 
The stents used were of three types, with the choice 
being determined by the site of occlusion. Palmaz 
stents (Johnson & Johnson) were selected in occlusions 
of the brachiocephalic and left subclavian artery ori- 
gins. Memotherm stents (Bard Inc.) were chosen for 
more distal occlusions of the subclavian arteries. Wall- 
stents (Schneider (Europe) (AG) were used in occlu- 
sions of the axillary arteries where the flexibility of 
the deployed stent was an advantage. All stent delivery 
systems were 7F. 
Primary stent deployment was performed after the 
administration of heparin 5000 units intravenously. 
The pressure gradient across the deployed evice was 
measured using a pull-through technique with the 
transbrachial catheter attached to a standard invasive 
blood pressure transducer and monitor. Any sig- 
nificant pressure gradient was abolished by secondary 
balloon dilatation of the devices. Completion ar- 
teriography was performed through the transfemoral 
catheter. 
Angiographic examples of the above procedures in 
brachiocephalic origin, left subclavian origin, right 
subclavian and right axillary arteries can be seen in 
Figs 1-4. 
On completion of the procedure, both catheters and 
sheaths were removed. Pressure was applied to the 
femoral puncture in the standard fashion. The brachial 
artery was flushed, back-bled and flushed with hep- 
arinised saline prior to closure of the arteriotomy. 
This closure was achieved by direct suture using 6/0 
Prolene (Ethicon) in the case of transverse ar- 
teriotomies, while longitudinal arteriotomies were re- 
paired using a patch of locally harvested vein and 
continuous 6/0 Prolene. After satisfactory haemostasis 
had been achieved the wounds were closed using 
subcuticular Vicryl (Ethicon) sutures. 
Postoperatively all patients received intravenous 
heparin at a rate of 1000 units per hour for 24 h. They 
were discharged from hospital on the first post- 
operative day with prescriptions for oral aspirin 75 mg 
daily. Patients were reviewed in the outpatient de- 
partment at 6 weeks, 3, 9 and 12 months and annually 
thereafter. Assessment at follow-up was by clinical 
examination and colour duplex examination of the 
stented artery. 
Results 
The occluded segment was successfully crossed in 15 
of 18 cases using either a standard straight guide- 
wire or a hydrophilic wire through the transbrachial 
catheter. The three failures were all in cases of bra- 
chiocephalic origin occlusion where the transbrachial 
wire tended to take a subintimal course into the aortic 
arch and subsequent re-entry into the lumen proved 
Fig. 1. Treatment of an occlusion of the brachiocephalic origin. (a) 
Initial aortogram via the transfemoral catheter; (b) oblique view 
showing transfemoral catheter within the aortic arch and Palmaz 
stent mounted on a balloon across the occluded segment; (c) com- 
pletion aortogram showing restoration ofcontinuity following prim- 
ary stent deployment from the arm. 
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Fig. 2. Treatment of a short occlusion of the proximal left subclavian artery. ( ) Arch ao togram demonstrating transfemoral catheter 
within the aortic arch and transbrachial catheter across the occluded segment. (b) Completion aortogram demonstrating restoration of 
continuity following primary deployment of a Palmaz stent via the transbrachial route. 
impossible. No occluded segments were crossed from 
the transfemoral approach. In each case where the 
occluded segment was crossed the appropriate n- 
dovascular stent was deployed accurately and easily 
via the transbrachial pproach. No cerebral or brachial 
embolic episodes occured. 
Secondary balloon dilatation of the deployed evices 
was required in all cases using Wallstents or Memo- 
therm stents but in no cases using the Palmaz stents. 
This merely reflects the different mechanisms of prim- 
ary deployment. 
Long-term follow-up (median 21 months, range 6-36 
months) by clinical assessment has revealed no re- 
currence of symptoms. Follow-up over the same period 
using duplex has demonstrated a normal lumen with 
no evidence of stenosis in 12 of 15 treated cases and 
mild stenosis (<30%) in one case. Two cases have been 
lost to Duplex follow-up since they have been reviewed 
at the hospitals from which they were initially referred. 
Discussion 
Chronic occlusive disease is less common in the arteries 
of the upper limb than in those of the lower limb with 
upper limb arterial reconstructions accounting for only 
2% of all vascular econstructions. In some cases the 
symptoms may be disabling and require more than 
conservative management. Extrathoracic revas- 
cularisation of the affected limb has become the most 
popular surgical treatment for proximal occlusions 
of the upper limb arteries with carotid-subclavian 
transposition, subclavian-subclavian bypass and ca- 
rotid/subclavian-brachial bypass each having its ad- 
vocates and indications. These techniques have 
excellent results with early technical and clinical suc- 
cess in 87-100% and long-term patency rates of 81- 
100%. 1'2 However, complications such as bleeding, 
nerve palsy, lymph fistula and cerebral ischaemia have 
been reported in up to 23% of cases, a-5 
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Fig. 3. Treatment of an acute thrombosis of the right subclavian artery following a motorcycle accident which resulted in an open fracture 
of the clavicle. (a) Initial arteriogram via the transfemoral catheter. (b) Plain radiograph demonstrating the Memotherm stent overthe 
transbrachial wire following deployment via the brachial arteriotomy. (c) Completion arteriogram demonstrating restoration of continuity. 
In recent years, there has been increasing interest in 
the use of a percutaneous transluminal angioplasty 
for the treatment of proximal arterial occlusion of the 
upper  limb. Investigators using this technique via the 
transfemoral route have reported variable success in 
crossing the more proximal occlusions but, if suc- 
cessful, they have reported good early patency rates 
of up to 100%. 2,6-9 There  is, however, a restenosis/ 
reocclusion rate of up to 57% on long-term follow- 
up. 2 Difficulty in crossing the lesions prompted some 
investigators to use the transaxillary approach s-l° or 
transbrachial pproach via percutaneous puncture 2 or 
formal arteriotomy. 1° 
The basis of the technique described in this paper 
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Fig. 4. Treatment of a chronic occlusion of the right axillary artery secondary to radiotherapy for carcinoma of the breast.(a) Initial 
transfemoral arteriogram demonstrating the proximal nd of the axillary artery occlusion. (b) Arteriogram demonstrating the Wallstent 
delivery system across the occluded segment via the right brachial artery. (c) Completion arteriogram demonstrating restoration of 
continuity after deployment of the Wallstent via the transbrachial route. 
combines the ease of crossing the occluded proximal 
segment from a brachial approach with the knowledge 
that primary stenting has a lower risk of embolic 
complications. In addition, it has been shown that the 
relatively poor pr imary patency rates of iliac artery 
stenoses/occlusions treated by angioplasty can be im- 
proved to 80-90% at 5 years following stent de- 
ployment. 1~ Since the proximal arteries of the upper 
limb are of a similar size to the iliac arteries, the 
primary patency rate is expected to be similarly high. 
In practice, stenting proximal occlusions of the upper 
limb arteries using the transbrachial route has shown 
good early primary patency rates at up to 3 years. 
The short, direct route from the brachial artery to 
the proximal occlusion allows improved control of 
the catheter/wire tip and accurate deployment of the 
endovascular stent. There appears to be a lower risk 
of cerebral or brachial emboli when compared with 
transluminal angioplasty. Finally, the approach facil- 
itates the measurement of pressure gradients across 
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the deployed device using a pull-through technique 
at the end of the procedure. Any significant residual 
stenosis can then be treated by balloon dilatation of 
the device prior to removal of the guide-wire. 
The approach is enhanced by the use of a formal 
brachial arteriotomy. This allows good control of the 
brachial artery and carries a lower risk of arterial 
spasm, intimal dissection or haematoma when com- 
pared with percutaneous puncture. The arteriotomy 
allows easy retrieval of brachial emboli should they 
occur. Accurate closure of the arteriotomy, using a 
vein patch if necessary, affords a low risk of subsequent 
stenosis at the site of entry. 
In conclusion, the combined approach described 
facilitates crossing difficult occlusions, allows im- 
proved simultaneous visualisation of both ends of the 
occluded segment, offers more precise deployment 
of stents with fewer complications and permits the 
measurement of pressure gradients at the end of the 
procedure. It is now the treatment of choice for prox- 
imal occlusions of the upper limb arteries in this unit. 
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